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INTRODUCTION
Development of neurons depends on their 
mutual dialogue with the help of signaling 
molecules. Some glycoproteins and growth factors 
have stimulating function, while others - such as 
proteoglycans have usually inhibitory function on 
neuronal development and viability (Dontchev and 
Letourneu 2007).
Extracellular matrix (ECM) of the central 
nervous system in old individuals has much 
proteoglycans such as chondroitin-6-sulfate 
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proteoglycans and glycoproteins deficit as neural 
cell adhesion molecule (N-CAM) (Muller et al 1996), 
laminin, fibronectin, trombospodin, vitronectin, 
cytotactin and others. Conversely, the central nervous 
system in the embryo contains large quantities 
glycoproteins, and proteoglycans are relatively small. 
In the CNS of the embryo be found high levels of 
growth factors. Their common values decrease with 
age and they change their location (Kawasaki et al 
2001). Changes in the amount and distribution of 
components of the extracellular matrix changes and 
affects the environment and the overall organization 
of the central nervous system, its development and 
growth.
In response to brain injury, the expression of 
proteoglycans goes through certain changes, usually 
parallel to the gliotic response - there is an increase 
in the expression of any other species chondroitin 
sulfate proteoglycans such as neurocan  and brevican 
(oohira et al. 2000). Traumatic injury to the brain or 
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spinal cord results in the formation of  a CSPG-rich 
glial scar primarily formed by reactive astrocytes. 
This densely packed scar tissue with the upregulated 
CSPGs is believed to be a major cause of regeneration 
failure at the site of CNS injury. CSPGs inhibit axon 
growth, restrict plasticity and cause growth cone 
collapse both in vitro and in vivo (Silver and Miller, 
2004).
In patients with Alzheimer‘s disease is increased 
N-CAM in place of the strongest damage as a 
result of disease as the hippocampus and/or gyrus 
dentatus. Along with the process of death of neurons 
is observed enhanced growth and branching of 
nerve outgrowths (Gomez-Isla et al 1996, Mikkonen 
et al. 1999). Increases the expression of some growth 
factors, like GAP 43. They rose on the first day after 
the impairment and reached its maximum after 
about 2 weeks (Yuan et al. 2009).
The purpose of this study is to investigate 
changes in the expression of some substances such 
as proteoglycans chondroitin sulfate, growth factor 
GAP-43 and N-CAM glycoprotein in the cerebral 
cortex in the rat as a result of aging or experimental 
degeneration, compared with animals in age between 
five and seven months. 
MATERIAL
For experiments were used three experimental 
groups of rats bred Wistar.  Each ten animals. The 
first group includes mature animals aged 5 to 7 
months. The second group included adult animals 
aged 5 to 7 months, which were injected with ibotenic 
acid in the corpus geniculatum mediale. The third 
group included animals aged over 24 months.
To prove the presence of specific substances in 
the auditory area of the cerebral cortex were used 
monoclonal antibodies: anti-chondroitin sulfate 
(Sigma), anti-GAP43 (Sigma), anti-NCAM (Sigma), 
biotin conjugated secondary antibody also purchased 
from Sigma.
METHODS
After anesthesia with Thiopental, the animals 
were perfused  with 4% paraformaldehyde in 0.1M 
phosphate buffer, pH 7.4, in the left ventricle and the 
aorta.
 After perfusion, the skull was opened and the 
brain was removed. Cut carefully so that the part 
designed for research include primary auditory 
area of the cerebral cortex (T1) (Kreig 1946). After 
forming block material is mounted on a freezing 
microtome type Reichert - Jung and coronal slices 
were made with a thickness of 30 micrometers.
on one group of animals was carried out 
surgery, including mounting stereological apparatus, 
after general anesthesia with thiopental, shaved head 
on calvary and opening of the skull with the help 
of burs. Applies appropriate aseptic and antiseptic. 
Then injected into the corpus geniculatum mediale 
ibotenic acid (5 μg/μl). To determine the exact 
coordinates of brain structures we used atlas of 
Paxinos and Watson (1997). The ibotenic acid was 
injected with the help Hamiltonian syringe attached 
to stereological apparatus.
After surgery, animals were kept 10 days under 
continuous care, including: routine procedures, 
such as food and clean, comfortable cells, antibiotics 
(oxytetracycline 30 mg/kg) and analgesic (Metakam 
3 mg/kg).
on the eleventh day, the operated rats were 
treated as described above to obtain coronal slices of 
frozen auditory area (T1) of the cerebral cortex.
Following methods were used: 1 / histological 
examination by Nissl and 2 / immunochistochemical 
study with avidin biotin technique and monoclonal 
antibodies. Were used three types of antibodies: anti-
chondroitin sulfate (Sigma), anti-GAP43 (Sigma), 
anti-NCAM (Sigma).
Each first slice was treated with anti-chondroitin 
sulfate antibody. Each second slide with anti-NCAM 
antibody and every third slide with anti-GAP43 
antibody. Every fourth slice was treated according 
the methods of Nissl. After every three groups of 
slides we made one control.
Slice were collected in PBS. 
The primaries antibodies were revealed 
using standart avidin-biotin technique (Vector 
laboratories, USA) and diaminobenzidine as a 
chromogen. 
The specificity of the primary antibodies were 
tested with controls where the omitting or replacing 
the primary antibody with serum resulted in absence 
of specific immunostaining. 
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RESULTS
on histological slices stained by the method of 
Nissl, in animals from five to seven months, in the 
auditory area of the cerebral cortex (T1) observed 
typical sensory cortex with normal cell density (Fig. 
1a). In older animals we found decreased of cell 
density (Fig. 1b), while in operated animals aged 
five to seven months, in the auditory cortex were 
presented  areas where neurons are reduced or non-
existent (1c).
In animals aged five to seven months, in the 
first layer of the cortex, we found a band of GAP-43 
positive fibers (Fig. 2). Located parallel to the surface 
positive fibers were also found on the border between 
the sixth layer and white matter of the brain (Figure 
3). In the other layers of the cortex were found mainly 
vertically oriented fibers. Positive material outlining 
the neurons themselves while neurons remained 
negative. Weak positive reaction located around 
blood vessels were found (Fig. 4).
In adult animals, the increase in GAP-43 
positive fibers was expressed throughout the cortex. 
on some places we can found a positive fibers around 
the cells (Fig. 5).
Chondroitin sulfate positive cells could be found 
in all layers of the cortex of young animales (Fig. 6), a 
relatively even distribution with the exception of the 
first layer, where they are found rarely. Most cells of 
this type are pyramidal, multipolar or bipolar (Fig. 
7). Weak positive reaction was also found around 
blood vessels.
In adult animals are also found changes in the 
expression of the distribution of chondroitin sulfate. 
Instead of cells positive for, we found only a positive 
reaction around the cells (perineuronal net-like 
structures) (Fig. 8).
N-CAM positive nerve fibers were found in all 
layers of the auditory area of the cerebral cortex in 
young rats. From the second to the sixth layer, they 
were represented by evenly grouped tangentially 
arranged stripes. In the first layer of fibers were 
vertically oriented to the brain surface In the 
underlying cerebral white matter content of N-CAM 
positive nerve fibers was lower, and therefore there 
was such a bright line. The orientation of the fibers 
were parallel to the surface of the cortex. (Fig. 9). 
Positive reaction was also found around the blood 
vessels. 
In animals aged over twenty-four months, we 
found changes in the localization in N-CAM positive 
nerve fibers in all layers of the cortex. Positive reaction 
was observed also around some cells (Fig. 10).
In operated animals we found changes in the 
expression of GAP-43 positive fibers in the auditory 
area of the cortex. We found a strong increase of 
positive fibers, similar to those, observed in old 
animales. Changes in the distribution of chondroitin 
sulfate in operated animals was also similar to that 
in adult animals. We have not found any difference 
in the expression of N-CAM positive structures 
comparered with no operated. In areas of the cortex 
adjacent to those present degeneration not seen any 
changes.
We did not found any significant changes in 
the expression of all three substances around blood 
vessels in adult or operated rats, compared with rats 
in age between five and seven monts. 
DISCUSSION
It is well known that neurons in the brain can 
not be reproduced with the exception of a short 
period in very early age. Many of them die due to 
various external and internal factors. However, 
this fact is manifested only when they are reduced 
significantly. It was found that this is due to their 
great flexibility. It enables other neurons to replace 
the missing function and maintain to a significant 
degree the work of the brain.
CSPGs have been shown to regulate the 
axon guidance (Mace et al. 2002). In later stages of 
development chondroitin sulfate is organized in 
perineuronal net-like structures (Miyata et al. 2005).
These structures were also observed by us in old 
animals. They represent a set of ChS and hyaluronic 
acid. The information in the literature about them is 
controversial. Some authors believe that decreased 
plasticity of neurons, (Celio et al. 1998), while others 
define it as a factor to increase their flexibility 
(Carulli et al. 2,010, Vorobyov et al. 2013). of great 
importance to what effect this will occur depends 
on other components of the extracellular matrix: 
adhesion molecules, L1, laminin and others. For 
expression of the inhibitory effect is important what 
is the ratio between chondroitin sulfate and laminin.
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This is confirmed by the fact that in some studies 
ChS acts as an inhibitor, and in other cases, such 
as promoter of neuronal growth. (Dou and Levine 
1995, Cohen et al. 1998, Snow et al. 2003).
NCAM is a molecule carrying the neuronal 
adhesion to the structures of the extracellular 
matrix and neighboring cells. It binds with high 
affinity to chondroitin sulfate and thus reducing 
its adhesive effect. As a result, neurons and 
neuronal outgrowths increase their opportunities 
for development (Friedlander et al. 1, 994, ojo et 
al 2012).
An important mediator of structural plasticity 
of axonal fibres is the growth-associated protein 
GAP-43 (Mosevitsky (2005). It is growth factor and 
usually increases in local damiges of nervous tissue. 
Take an active part in its recovery (Harris et al. 2010, 
Hall et al. 2010).
our results show that N-CAM positive 
structures in the area of auditory cortex in the rat 
increases with aging and reduce proteoglycans, 
particularly chondroitin sulfate. It is organized 
around the bodies of neurons in the form of 
perineuronal net - like structures. GAP-43 also 
increases.
Fig. 1. (a) Auditory area of the cerebral cortex of the rat at the age of five to seven months. Normal cell density. Staining 
according the method of  Nissl. Original magnification x 240. (b)  Auditory area of the cerebral cortex of the rat at the 
age over twenty-four months. Reduced cell density. Staining according the method of  Nissl. Original magnification x 
200. (c) Auditory area of the cerebral cortex of the rat at the age of five to seven months. Operated animal. Application of 
ibotenic acid in corpus geniculatum mediale. There are areas, mostly in the fourth and fifth layer with very low content 
of neurons (*). Staining according the method of  Nissl. Original magnification x 240
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In animals with induced degeneration, the 
changes are the same, but only in that portion of 
the nervous tissue where degeneration is involved. 
The rest of the brain does not change. This applies 
chondroitin sulfate and GAP 43 positive structures. In 
a positive NCAM structures do not find an increase. 
At this stage of our research we have no explanation 
why NCAM positive structures in the auditory area 
of the cerebral cortex of the rat operated animals did 
not increase in line with those in older animals.
All these molecules are involved in tissue 
degeneration and regeneration. In our opinion, 
these changes may result from the degeneration of 
nerve tissue. Response and attempt to compensate 
for the reduced ability to function due to aging 
or degeneration after preliminary direct loss of 
synapses.
Fig. 2. Auditory area of the cerebral cortex of the rat 
at the age of five to seven months.  In the first layer of 
the cortex, we found a band of GAP-43 positive fibers. 
Immunohistochemistry. Original magnification x 240
Fig. 3. Auditory area of the cerebral cortex of the rat at 
the age of five to seven months.  GAP-43 positive fibers 
were also found on the border between the sixth layer 
and white matter.  Immunohistochemistry. Original 
magnification x 240
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Fig. 5. Auditory area of the cerebral cortex of the rat at the 
age over twenty-four months.  GAP-43 positive fibers was 
expressed throughout the cortex. Immunohistochemistry. 
Original magnification x 240
Fig. 6. Auditory area of the cerebral cortex of the rat at the 
age of five to seven months.  Chondroitin sulfate positive 
cells could be found in all layers of the cortex of young 
animales. Immunohistochemistry.  
Original magnification x 240
Fig. 7. Auditory area of the cerebral cortex of the 
rat at the age of five to seven months.  Chondroitin 
sulfate positive pyramidal, multipolar or bipolar cells. 
Immunohistochemistry.  Original magnification x 480
Fig. 4. Auditory area of the cerebral cortex of the rat at 
the age of five to seven months.  GAP-43 positive reaction 
located around blood vessels. Immunohistochemistry 
Original magnification x 400
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Fig. 8. Auditory area of the cerebral cortex of the rat at 
the age over twenty-four months.  Chondroitin sulfate 
positive reaction around the cells (perineuronal net-
like structures).  Immunohistochemistry. Original 
magnification x 480
Fig. 9. Auditory area of the cerebral cortex of the rat at 
the age of five to seven months. The orientation of the 
NCAM positive fibers in the border between 6ht layer and 
the white matter were parallel to the surface of the cortex. 
Immunohistochemistry. Original magnification x 240
Fig. 10. Auditory area of the cerebral cortex of the rat 
at the age over twenty-four months.  NCAM positive 
reaction around some neurons. Immunohistochemistry. 
Original magnification x 480
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